An one-step and efficient access to the new dammarane A-quinolones by ozonolysis of 2,3-indolodipterocarpol at 0°C through the 1,3-dipolar cycloaddition of ozone to the С2-С3 double bond of the triterpenoid core is reported. In the case of oxidation in AcOH, two spiroindoles were identified as a result of 1,2-cycloaddition of ozone to the С2-С3 double bond with following intramolecular rearrangements of 2,3-epoxy-intermediate. The structures of four new compounds were established by 1H, 13C NMR, COSY, NOSY, HMBC and HSQC analyses. As a part of our ongoing program on the synthesis of novel biologically active derivatives of natural metabolites using oxidation reactions [5, [16] [17] [18] [19] [20] , we report herein an access to new quinolone and spiroindole dammaranеs by the oxidation of 2,3-indolodipterocarpol 1 with ozone. Taking into consideration the mechanism of ozonolysis by side chain of dipterocarpol in protic and aprotic solvents led to various products [5], we carried out the oxidation of 2,3-indolodipterocarpol 1 in AcOH and CH 2 Cl 2 .
The Dipterocarpaceae are an important family of trees which grow in southeast Asia and are characterized by an abundant secretion of resins such as dammar which possesses economic importance [1] . Dipterocarpol [(20S)-20-hydroxydammar-24-en-3-one] is the major metabolite of oleoresins of trees Dipterocarpus species [2] . Such chemical transformations of dipterocarpol as preparation of Nvinylpyrrolidone, γ-lactone, alkoxytetrahydrofuran, hydroxy-, epoxy-, oximino-,1,2,4-trioxolane,heterocyclic, 2-cyanoethoxy-, tetrazole as well as hybrid triterpenoid-steroid and derivatives were described [3] [4] [5] [6] [7] [8] [9] . It was demonstrated that dammarane triterpenoids possess anticancer [10] , antiviral [11] [12] [13] , immunostimulating [14] and anti-inflammatory [15] activities.
As a part of our ongoing program on the synthesis of novel biologically active derivatives of natural metabolites using oxidation reactions [5, [16] [17] [18] [19] [20] , we report herein an access to new quinolone and spiroindole dammaranеs by the oxidation of 2,3-indolodipterocarpol 1 with ozone. Taking into consideration the mechanism of ozonolysis by side chain of dipterocarpol in protic and aprotic solvents led to various products [5] , we carried out the oxidation of 2,3-indolodipterocarpol 1 in AcOH and CH 2 Cl 2 .
When 2,3-indolodipterocarpol 1was oxidized with ozone in AcOH at 0°C, a mixture of derivatives was obtained (Scheme 1). Purification by column chromatography of the crude reaction mixture afforded triterpenoids with quinolone2and spiroindole3, 4 fragmentation in yields of 73%, 12% and 5%, respectively. During the ozonolysis the side chain of dipterocarpol core was transformed to the 23,24,25,26,27-hexanorderivative similar to described earlier [6] . On the other hand, the ozonolysis of 2,3-indolodipterocarpol 1 in CH 2 Cl 2 at 0°C was more specific, yielding A-conjugated quinolone 5, and only traces of spiroindoles were detected by NMR analysis of the crude product. The oxidation of the side chain led to the formation of a lactone moiety [5] . It is interesting to note that the combination of the ozonolysis with a basic workup (Witkopoxidation type) converted alkaloids into the corresponding quinolones [21] .
We suppose that the formation of quinolones 2 and 5 occurs by standard 1,3-dipolar cycloaddition of ozone to the С2-С3 double bond of indole 1 [22] . On the other hand, the probable way of spiro derivatives formation is based on 1,2-cycloaddition of ozone to the С2-С3 double bond of indole 1 followed by intramolecular rearrangements of 2,3-epoxy-intermediate to3 and 4. This may be attributed to steric effects controlling the reaction due to the structure of the initial substrate 1 [23, 24] .
The structures and stereochemistry of the compounds 2-5 were derived from1H and13C NMR spectra (Table 1) .
582 Natural Product Communications Vol. 13 (5) 2018 Smirnova et al. The 1 H NMR spectra contained a characteristic broadened singlet at δ 10.56 (10.13) ppm, corresponding to the NH proton. Hz indicated the presence of methine group at C9 and olefinic bound at С(5)10. NOE cross-peaks between protons of methane group H18/H19 ( Н 1.08/1.32 ppm) and H19/H28( Н 1.32/1.16 ppm), as well as methine proton Н1/H29 point to β-orientation of the methyl group at C(19)Н 3 . The stereochemistry of the spirocycle was proved through NOE-interaction of H19/H32, that confirmed the β-orientation of bond at С2-С31 and S-configuration of spirocenter at С2.
The
13 CNMR spectra of compound 4 revealed the presence of characteristic signals of С3', С3 at  205.49 and 78.20 ppm. The 1 H-NMR spectra showed the presence of the characteristic broadened singlet at δ4.98 ppm of the NH proton. The NOE correlation showed the cross-peaks between protons N-H/Н19 ( H 4.98/1.09 ppm) and N-H/Н28 ( H 4.98/0.99ppm), disclosing the special proximity between these protons and, therefore, the β-orientation of С2N and S-configuration of the spirocenter at С2 (Figure 1 ). NOE spectra showed interaction between the protons of А-nor-cycle with the protons of the indoline cycle N-H/Н25 ( H 4.99/1.04ppm) and N-H/Н25 ( H 4.99/1.00 ppm), that indicated the β-orientation of bond at С2N and the S-configuration of spirocenter at С2 (Figure. 1 ). The signals of aromatic carbons and their corresponding protons were observed at  C 111.31-160.44 ppm and  H 6.76-7.54ppm. Generally, the spectral data for the rings B, C, and D and side chain of compounds 5-3 are in complete agreement with those reported for dammaranes [7, 14, [25] [26] .
In summary, we report an one-step and efficient access to new dammarane A-quinolones by ozonolysis of 2,3-indolodipterocarpol through the standard 1,3-dipolar cyclo addition of ozone to the С2-С3 double bond. When the oxidation was conducted in AcOH, two other spiroindoles were also isolated, possibly as a result of 1,2-cycloaddition of ozone to the С2-С3 double bond of 2,3-indolodipterocarpol followed by intramolecular rearrangements of 2,3-epoxy-intermediate.
Experimental
General: NMR, Bruker AM-300 spectrometer; Melting points, microtable Boetius; Optical rotations, Perkin-Elmer241MC polarimeter; TLC, Sorbfil plates (Sorbpolimer, Russian Federation) using chloroform -ethyl acetate, 40:1(v/v). The substances were detected by a 10% solution of H 2 SO 4 with subsequent heating at 100 -120ºC for 2 -3 min. The ozone generator used was Ozone -4K (Russian Federation). 2,3-Indolodipterocarpol 1 was obtained as previously described [6] .
Synthesis of compounds 2-4:
A solution of 1 (0.520 g; 1.0 mmol) in AcOH (30 mL) was refluxed for 2 h. Then, the reaction mixture was cooled to 0ºC and ozone was bubbled through the solution until the starting material disappeared (TLC control). The mixture was poured into Н 2 O (40 mL), filtered off and washed with H 2 O. The crude products were purified twice by column chromatography of Al 2 O 3 eluted successively with hexanes, benzene, CHCl 3 and a mixture of CHCl 3 -MeOH (20:1). 
2,3-4'(1H)
-
